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Abstract. The reverse transcriptase gene ( RT) sequences of Tyl1-copia-like (Type 1) and
Ty3-gypsy-like retrotransposons ( Type 2) were amplified and isolated from the Arachis
ipaensis Krapov. et W. C. Greg. with BB genome by degenerate polymerase chain reaction
(PCR). Sequence characteristics, diversity, phylogenetic relationships, and transcriptional
activity were then analyzed. Results showed that the target bands for types 1 and 2 were 260
bp and 430 bp in size, respectively. 23 sequences of type 1 retrotransposons and 32
sequences of type 2 retrotransposons were obtained. Sequence lengths of type 1 and type 2
ranged from 262 to 266 bp and from 395 to 435 bp, respectively. The proportion of AT content
in type 1 and type 2 ranged from 61.60% to 69.17% and from 55.79% to 61.34%, respectively.
Similarity between nucleotide sequences in type 1 and type 2 ranged from 52.5% to 98.9% and
from 45.0% to 98.8%, respectively. The similarity between amino acid sequences of type 1
and type 2 ranged from 39.8% to 100% and from 9.0% to 97.2%, respectively. The
heterogeneity of type 2 was higher than that of type 1. There were three and 15 nonsense
mutations in type 1 and type 2, respectively. The incidence of nonsense mutations in type 2
was much higher than that in type 1. The conserved motifs of type 1 were highly conserved,
while the conserved motifs of type 2 showed a certain degree of variation. The protein tertiary
structures were similar in overall configuration. Type 2 had more differences in protein structure
than type 1. Based on cluster analysis, type 1 and type 2 were divided into five and six
families, respectively. The phylogenetic tree showed that type 1 and type 2 were divided into
four and 11 classes, respectively, but type 2 sequence categories and diversity were
significantly higher than that of type 1. Several type 1 and 2 RT gene sequences were closely
related to the RT gene sequences of other species, indicating possible horizontal transmission
of retrotransposons. When searching the peanut EST database, one type 1 and seven type 2
sequences from the A. ipaensis BB genome showed transcriptional activity. The type 2
retrotransposons showed greater transcriptional activity than the type 1 retrotransposons. This
study not only provides sequences for the isolation of full-length LTR retrotransposons and for
studies on their transcriptional activity and function, but also lays the foundation for the
development of molecular markers based on LTR retrotransposons in the Arachis genus.
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Reverse transcriptase; Diversity
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Table 1

ERFIIHNERER

Basic information on LTR retrotransposon
reverse transcriptase gene ( RT) sequences

amplified from Arachis ipaensis

gqﬁﬁi KA ATERS % e ERT
No. Size/bp AT content No.

ART1-1 266 69.17 2.24 MK830498
ART1-2 266 62.41 1.66 MK830499
ART1-3 262 66.03 1.94 MK830500
ART1-4 266 61.65 1.61 MK830501
ART1-5 266 62.41 1.66 MK830502
ART1-6 266 63.16 1.71 MK830503
ART1-8 266 63.53 1.74 MK830504
ART1-9 266 63.53 1.74 MK830505
ART1-10 266 62.78 1.69 MK830506
ART1-11 266 62.41 1.66 MK830507
ART1-13 266 65.41 1.89 MK830508
ART1-15 266 65.04 1.86 MK830509
ART1-17 266 64.66 1.83 MK830510
ART1-18 266 64.66 1.83 MK830511
ART1-19 266 63.91 1.77 MK830512
ART1-22 266 61.65 1.61 MK830513
ART1-28 266 67.67 2.09 MK830514
ART1-37 266 63.16 1.71 MK830515
AIRT1-39 266 62.78 1.69 MK830516
AIRT1-42 263 61.60 1.60 MK830517
ART1-44 266 64.29 1.80 MK830518
ART1-45 266 63.91 1.77 MK830519
ART1-47 266 66.54 1.99 MK830520
AR 262 ~ 266 61.60 ~ 69.17 1.30 ~ 2.24 —

AiRT2-1 432 58.80 1.43 MK830317
AiRT2-2 432 55.79 1.26 MK830318
AiRT2-3 395 61.01 1.56 MK830319
AiRT2-4 432 57.64 1.36 MK830320
AiRT2-5 432 57.18 1.34 MK830321
AiRT2-6 432 56.48 1.30 MK830322
AiRT2-7 424 56.13 1.28 MK830323
AiRT2-8 432 57.18 1.34 MK830324
AiRT2-9 432 59.03 1.44 MK830325
AiRT2-10 432 59.95 1.50 MK830326
AiRT2-11 432 58.56 1.41 MK830327
AiRT2-12 432 61.34 1.59 MK830328
AiRT2-14 432 56.25 1.29 MK830329
AiRT2-15 433 59.82 1.49 MK830330
AiRT2-17 432 59.26 1.45 MK830331
AiRT2-18 434 58.53 1.41 MK830332
AiRT2-19 432 58.80 1.43 MK830333
AiRT2-20 432 57.18 1.34 MK830334
AiRT2-22 432 58.80 1.43 MK830335
AiRT2-24 431 57.31 1.34 MK830336
AiRT2-25 432 60.88 1.56 MK830337

gk

- -
géﬂi@ S AT % ae Aii:on

No. Size/bp AT content No.
AiRT2-26 431 57.54 1.36 MK830338
AiRT2-27 432 56.48 1.30 MK830339
AiRT2-28 432 61.34 1.59 MK830340
AiRT2-29 432 60.65 1.54 MK830341
AiRT2-30 430 56.98 1.32 MK830342
AiRT2-31 432 56.48 1.30 MK830343
AIRT2-32 434 58.06 1.38 MK830344
AiRT2-33 432 58.56 1.41 MK830345
AiRT2-34 433 58.43 1.41 MK830346
AiRT2-35 434 59.91 1.51 MK830347
AiRT2-36 435 57.93 1.40 MK830348

ARG 395 ~ 435 55.79 ~ 61.34 1.26 ~ 1.59 —
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ANFIEFRAE BT 10 DI LR, AIRT2-7 7245
51, 55, 87, 95, 102, 111, 136 P& FMm AL &
T 7 AT X RS, ART2-24 (%5 72, 77, 88,
108, 128 4~& FLWg 4k ) A1 AIRT2-32 (45 9, 88,
104, 108, 123 MEFEMRAL ) £ K HE T 5 MR
Ay AIRT2-34 BT 4 40 LA (55 88, 104,
108, 123 M IR AL) ; AIRT2-3( % 76, 116 4~
TR AL) . AIRT2-18 (45 18, 26 MR ILFAL) ,
AIRT2-22( 55 32, 43 MR ILTRAL) Fl AIRT2-26 (4
121, 128 MR AL ) & KA T 2 A TJ0 LR AE
AIRT2-8( 55 9 M4 ) . AIRT2-9( % 9 M2 Atk
fRAb) . AIRT2-25( 55 129 NEIEIRAL ) . AIRT2-28
(%5 43 DE KAL) F1 AIRT2-33 (45 9 MR KM
W) RAET AR 4, B), 122K
PR KR I TC LRSS, X R LSSH R
e SR I R TR A Y 2
2.5 LTR RERHET AT EEZEBREHRITN
T 1T 0 45 A6 1 = 4 235 g T 45 R W
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Numbers at branch nodes indicate bootstrap support out of 1000 replications.
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Fig. 3 Cluster analysis of LTR retrotransposon reverse transcriptase gene ( RT)
sequences amplified from Arachis ipaensis
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A. Tyl-copia; B. Ty3-gypsy.
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* . Stop code; —: Gaps introduced for optimal alignment.
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Fig. 4 Multiple alignment of amino acid sequences of LTR retrotransposon reverse transcriptase
gene ( RT) amplified from Arachis ipaensis

© Plant Science Journal http://www.plantscience.cn



60

L7/ S

540 %

1 BB FRT N R = G045 My VT I 26 B e s T A
¥l dihara, BI5E N 61.9% ~ 83.1%, 2 2K
FRFFH B 1 = G 25 Fg VT i 8 55 3 o v AR A A
c20pgA, BEIEEEHL N 100%, #RIE T Ik %
W, 1 RME AR REEE 2 4 o-IRHEM 5 4
B-ITE; — LM 5 86 MM 28 ~ 30 4
Sk, FRTE 1 I IR E SRR 2 AN B AT
B, 2 REAR_HEMAE 5 ~ 61> a-iRiE
8 ~ 9N B-IrE; =HEEME 17 ~ 19 DA

188 ~ 95 NAHE, f77E 6 BB IRIELs 14 F1 8
A AT B 25 (B 5)

2.6 LTR REREEF RTEERTERF N
AWFE K B, 1 KIAFAE 5 B IR <7 B F
(motif) (B 6: A), HHr, F 21 %75 [Fef &
motif 1~ motif 3, i EJFFIEH 91.30%, KX
3 FIPRSF LT A BB Ye (A 4l B A Fh A6 A 1 S AR
SFHRY; 25 R KRB ART1-3 Al AIRT1-42,
AIRT1-3 42,2 motif 3, ifii AIRT1-42 A3 2 motif 3.,

C

A I TAFFHGDL DK E | Y ME QPE GF VVKGKEDFV CKLKKS LYGLKQAP R QWY KK F E S V MG K HGYR
> ucn — —RAR AMARARRARAARRRA
confidence E— - e

Disorder 7777 21221117
Disorder — —
confidence

BT KTTSDHC VE VQKF SDDDF I | L L LYVDDM
Secondary
structure

SS
confidence

Disorder 77

Disorder
confidence

Confidence

=% Beta strand

20 30

Secondary
structure

——— AR AEAARAAS

High(9) I IEIRRIN Low (0)
? Disordered ( 16%)
An Alpha helix ( 20%)

40

B IR GMCVDYRQLNKVTI KNKYPLPRI DNLMDQLQGAGVFSKI DLRSDYHRI RVRGEDI PKTA
——rn

Key

(32%)

50 60

——— ——

53
confidence -

Disorder 7 7

Disorder J—
confidence

80 90

Secondary

structure -

SRR

100

FSTRYGHYEYTVMSFRLMNAPAVFMDYMNRVFRPFLDKFVVVFI DDI LI YSKTEEEHAEH
-— o ————— AR RRAAR

110 120

. -
confidence

Disorder

130 140

BT LR TVLQI LKEKKLYVKLSKCVFGL
Secondary \punRARRRAR =+ ARA

structure

Confidence Key

? Disordered ( 4%)
an Alpha helix ( 34%)

confidence
Disorder

Disorder
confidence

A and C: AIRT1-2; B and D: AIRT2-6.

High(9) Il THIREIA Low (0)

i Beta strand ( 26%)

E 5 BB{EHFAFEMEE LTR REREET ATERRBEARN_REHM(ATB)5=44%M(CHD)
Fig. 5 Protein secondary (A and B) and tertiary (C and D) structure of LTR retrotransposon reverse
transcriptase gene ( RT) amplified from Arachis ipaensis
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2 JILAr e 8 MhRTEEF (B 6: B), A1 22 &KJF5
[F]EF A2 & motif 1 ~motif 4; AiIRT2-32 il AIRT2-34
Hif) motif 5 BIRTEAE I 5 motif 3 —3, (HEJE
PR AR SRR S Y 22 5 8 K5 motif 6 HAFAE T
AiRT2-7. AIRT2-30 il AiRT2-15 i, H A F 3
R WS, TERGHAM T, X 3 HKIFHIREC
R, A 5 AP HIMLE motif 7, REGHEMK 4
BT & BRAZ AR S ke X ZE 05 3 283 Wil A8 K5 motif 8
HAFTET AIRT2-7 fil AiRT2-15 H1, motif 5 ~ motif
8 TEF sE 7 41 bt BRI 3R AR, AT e i ki
P R A ST R
2.7 LTREREREETF RTERF N RS HL
Rt

R AT 5 R WoR, AR 1 b g E
Flgk—R a2l ~ V) (£2, B7. A),
[ 25408 12 40k H BB Y (0 i 21 B A Fb 4k A4 it 9
ok AR R RT BLR T3, BiBk B BB 4
IR B A FRAE A B 12 25 RT JLHF 4 55k A 4
% ( Vitis vinifera L., CAN72446.1) . 443 ( So-
lanum tuberosum L., CAA13065.1). %% & 4
( Petunia hybrida (J. D. Hooker ) Vilmorin,
AAA33707.1) . # #l ( Capsicum annuum L.,
AFS89513.1) . 4 %L ( Nicotania tabacum L.,
AAA03507.1) . & il ( Lycopersicon esculentum
Miller, AF072638.1) . P42 ( Panax quinquefo-
lius L., ABU94811.1) . B3 # ( Camellia sinen-
sis var. assamica (Mast.) Kitam., CAJ09751.1)
KW = ¥ ( Picea abies (L.) H. Karsten,
049918) i Fr 9| AT B m AR, SR E R
i, NERSH 6 4k H BB 4L (0 1A 2 B A= F 6
A RTHEH P91, ub Wi 26 7 9 B A B IR <F
P, THRA TSR E 12 556 4k H BB 4+
ARG B AR R AL A 0 RT LR P51, 430l 5 A 5%
H BB Gy AL B A AR AR Y 8 S 52.17 % il
26.09%, #W] BB YL ta iRz BFERIIEAE Y RT B A
FPO BA B R SEE S AN, 26y 4 55 BB
P R4 BT A REA: RT BT 555k A & 4% ( Cit-
rus medica L., CAJ85619.1) . #H 3¢ ( Beta vul-
garis L., T14589) . K & ( Glycine max (L.)
Merr., E47759) . kJe % ( Selenicereus undatus
‘Foo-Lon’, AOS58455.1) . #& ( Citrus sinensis

L. Osbeck, CAJ41389.1) Fl1 45 ( Populus ciliata
Wall. apud Royle var. gyirongensis, AAT73704.1)
P Z A RIS, SRR RER . AIRT-
42 TER AR R R prh ey —28, HfES5H
A FP ) RT DX 4 it 24 B 12 1y 91 64T R 4 itk 4k
W R, KX )T 55k A %K F ( Mirabilis
jalapa L., AOW44030.1) . %k i A f#t ( Dendro-
bium officinale Kimura et MigoKimura et Migo,
AlL54325.1) 1 % %f ( Fragaria x ananassa Duch.,
ACZ81628.1) W Fi i 7 51 A B m AR L, 5%
GRRWIE, A5 HABE =R e A RT e s AL 1R
BRI

RG I o BT 45 3 Won vk 2 b iy )E
FgE— 2R 11 25(A ~ K) (K 7. B), A
FHEA KA BB YL AR B A FhfE A 19 23 4%
FE3, hRFSIEY 71.88%, # I BB B (aik
HEF AR AL A B RT JE R T 50 5 A A 2 = 1 AR5
TESMRIYE, B ~ G 2Bk A HALY Ay RT
FHFH, X P 5 KA BB G AR 4 B A=
e RT3 P 9 iy st AL IR s A, R4 KR
By, H, JMKESHEE 3, 2, 34 ATH
HOF 41, | 229 By AIRT2-25 53k 3 kK & 1Y
BAB40834.1 Z A% X R fxir, MHE YR T
WM GREY, TR RAEFEER, NRS%
HEALR IR AT LU, &84 BB Yyt iAk 41 B AL Fi
A LTR B 55 19 RT 36 4 5 HoAb # Fp i
RT B A — e, BT =Z [ H A 3 i AH M
UL BB Je (o R 41 87 A A4 A LTR J % 5 5 )3
TR A AT g S H A R 2 R R A TR
HEESEN
2.8 LTR REREEFHEREESH

B 1 2R 2 P50 EEACH) NCBI AEL M, 5
feAE EST Ba 247 Hex, DIAGI 1 28/ 2 8%
Ry e sk W Mk, 45 R B oR, ART1-5 5
GO261731.1 Z A — Pkl 95.11%; AiRT2-1,
AiRT2-11, AiRT2-20 5 G0266033.1 2 [f] ) — X
PE43 9N 87.89% . 90.53% . 88.70%; AiRT2-8,
AiRT2-15, AiRT2-28, AiRT2-33 5 G0261148.1
2 8] 1) — B 4> 51 86.26% . 87.20% . 85.99%
F187.62% (£ 3), UiHIX 3 4% EST J¥4I HibA:
LTR S sk - I8 43 1751
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Table 2 Information on amino acid sequences of LTR retrotransposon reverse
transcriptase genes ( RT) from other species
LTR S kb5 i+ B Y HRe
LTR Retrotransposon Family Species Accession No.
JHEL Nicotania tabacum L. AAA03507 .1
A BE Solanum tuberosum L. CAA13065.1
Hnk ML Capsicum annuum L. AFS89513.1
T Lycopersicon esculentum Miller AF072638.1
JEA: 4 Petunia hybrida (J. D. Hooker) Vilmorin AAA33707.1
e # Citrus sinensis L. Osbeck CAJ41389.13
S # Citrus medica L. CAJB5619.1
GF é’%% Vigna radiata (L.) Wilczek AAT90494 .1
K Glycine max (L.) Merr. E47759
Eap e i) H %% Helianthus annuus L. AAA33373.1
2R} ¥k B2 418t Dendrobium officinale Kimura et MigoKimura et Migo AlL54325.1
JKF&G Oryza sativa L. T03671
RAE Tk Zea mays L. AAK84853.1
M Avena sativa L. 147759
Ty1-copia-like o %% Fragaria x ananassa Duch. ACZ81628.1
et SER Malus domestica Mill. ABD76553.1
Eay 3% Beta vulgaris L. T14589
+FWR BUEIT Arabidopsis thaliana (L.) Heynh. S71291
A5 Y25 Camellia sinensis var. assamica (Mast.) Kitam. CAJ09751.1
AR} kY 42 Picea abies (L.) H. Karsten 049918
MR ## Populus ciliata Wall. apud Royle var. gyirongensis C. Wang et Tung AAT73704.1
FhnEH WS Panax quinquefolius L. ABU94811.1
GRS #i%i Vitis vinifera L. CAN72446.1
IAER kB Selenicereus undatus (Haw.) D. R. Aunt ‘Foo-Lon’ AOS58455.1
LEFR ELIRFT Mirabilis jalapa L. AOW44030.1
JEAER) T Ipomoea batatas (L.) Lamarck AAF37864.1
PR & Osmundastrum cinnamomeum (L.) C. Presl Q06296
VY R H 1% Volvox carteri F. Stein Q06045
R K #S Pinus bungeana Zucc. et Endi. ABD43118.1
JEMFs Larix gmelinii (Ruprecht) Kuzeneva BAQ22332.1
R #J\ Cucumis sativus L. ADD83121.1
ARAF} ZAEBIAZ L [olium multiflorum lamk. BAB40827.1
SR j:% Glycine max (L.) Merr. BAB40834.1
2% Vigna radiata (L.) Wilczek AAT85841 .1
. B Prunus mume Sieb. et Zucc. ACU42190.1
afudd 5 Malus domestica Mill. ABS11079.1
Ty3-gypsy-ike PN KR Selenicereus undatus (Haw.) D. R. Aunt ¢ Foo-Lon’ AOS58468.1
oy 31 Chrysanthemum x morifolium Ramat BAB40831.1
B 4F) 524 Orobanche owerinnii Steph. ABD43088.1
%124 Orobanche owerinnii Steph. ABD43134.1
ERR HS} Paeonia suffruticosa Andr. AFQ94056.1
+7R BIBIT Arabidopsis thaliana (L.) Heynh. BAB40828.1
ey 11 Morus bombycis Schneid. var. diabolica Koidz. BAB40830.1
FEAR R kR Elaeis guineensis Jacq. CAD45565.1
AR # Ziziphus jujuba Mill. AFR43611.1
FRAYEL A Ginkgo biloba L. CAA12930.10
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A. Tyl-copia; B: Ty3-gypsy.

E 7 BB EMEFAFEMEESHMYH LTR REREET RTERF N REHLR
Fig. 7 Phylogenetic tree of LTR retrotransposon reverse transcriptase gene ( RT)
from Arachis ipaensis and other species

%* 3 BBRBUHAFLEMEE LTR REREKET AT

HEERFYE EST #iFELL W ER
Table 3 Sequence alignment results of LTR
retrotransposon reverse transcriptase genes ( RT)
from Arachis ipaensis with EST database

5 EE 7y

¥ 26 fig
Sequence Target Efgﬁrﬂ;&: Efd g-ﬁﬁ
No. sequence  coverage / % E value Identity / %

AIRT1-5 G0261731.1 100 3E-114 95.11
AiRT2-1  G0O266033.1 97 8E-137 87.89
AiRT2-8 G0261148.1 97 6E-123 86.26
AiRT2-11  G0O266033.1 95 8E-152 90.53
AiRT2-15  GO261148.1 97 4E-130 87.20
AiRT2-20 G0O266033.1 96 1E-140 88.70
AiRT2-28 G0261148.1 97 1E-120 85.99
AiRT2-33 GO0261148.1 97 2E-132 87.62

3 it

AL BN A, ipaensis k164 J&@ 46 4 X
HAEEREFE RN (2n=2x=20) , BT RIIZY
T ok R 35 A AE AR AL P AR Fh 22— o BB LR
WA iR Bertioli 5% RAEH ¥ T A. jpaensis
(K30076) 43 20 ; Lu % %z (ICG_
8206) AT 1AM T . iAKW FE 73 B ARAF 1)
BB Yt iR B A= A AL A LTR S 55 E T RT 3
K8 AT IR S 1 AR A5 B 27 %008 LTR Rk 5%
AT 2R AT

AR SR 5 19 AR SCHY A R fE A= v
PHGAr B LTR St stk e+ RT SEDK 340 1) 3R gt 2
AR WUl LTR S5 s i R 1

FETE TR SE R AL

ARHIEGE 2R P SN AR R AR
HAEZATR T b R B e, 1 2800 2 280
PRI ) 22 BE TR I3 3 4 03] 2 68 v S IO A P o B ) S5
PE; 1 RIS R SF IR S, T 2 2R PR
SPILPAFAE— B RRE AR 575 1 IR TC L5 AR
R 2 JELPIE, Ak B AL R Dy RE e Ok
oM,

BRI 4E R, AIRT1-42 FI AIRT2-25 43
P TS AIRT1-42 Boh 525 4 J A
AT RERBIE GG, 1 T 51 AIRT2-25 Bl R 251
JE R AT e AR 2, 2 FIRAERFF A B 1 i —
PEERITERLARF A F AR, (AR BRE 25 P 5L
B MR, e ABOME BB A e m), e
T3 B AT 22 B AT RE 2 5 LTR I 4% si % JBE 1 1)
BESREIGTE | SR PERCR U S DUECAE . X LT 5]
FEE FUTZE R, IR 2 2L P9 2 R 2 1 i 454
ZERTR, RUTEATEA T & 7281k,
RY AL A T s, 1 25T 2 I R4 R
YR A A 2%, BARA AMA EERSE, M2
PRI Z R s T 1 2K, X HEER
FP e | PRSI 2 . KR PR L
Az B R T = REE T Z R A S 25 R — B

FLXPAEAE EST B, o 141 975151
FREST Jpolmy—BEgEcm; 7 42 K)%55 2 4%
EST )35 — Bt =, R BB Yu o {42 B A
1eE Ty3-gypsy I ik 6 ET-Eb Ty1-copia 282
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